Technological progress with videocapsule endoscopy (VCE) in the last 15 years has been impressive, making it an excellent technique for examining the small-bowel, with a diagnostic yield ranging from 55 % to 100 % [1 -3], which helps guide proper management of patients in a significant proportion of cases [4] . However, it is not a perfect diagnostic tool and has a set of built-in limitations. The capsule cannot be steered or actively propelled, while the absence of bowel insufflation and the presence of residue or opaque fluid within the bowel lumen all interfere with the evaluation of the lesions, which are often visualized in less-than-perfect circumstances. In order to overcome these limitations, videocapsule manufacturers have concentrated on devising ways to improve the quality of the captured data. One innovation is virtual chromoendoscopy (VC), a technique based on narrowing the bandwidth of the white light image [5] , which at least theoretically facilitates characterization of subtle mucosal changes by increasing the contrast between adjacent mucosal areas. Recently, Flexible spectral Imaging Color Enhancement (FICE) technology and Blue mode, post-acquisition VC technologies have been incorporated into RAPID ® VCE reading software. Version 8 of RAPID ® Reader provides 3 channels for FICE and 1 for Blue mode [6] , allowing improved analysis of the mucosal patterns. This may represent an asset for beginner endoscopists as the enhanced contrast could improve their assessment of small-bowel mucosal lesions. However, data on virtual chromoendoscopy application in VCE are limited, yielding scanty and to a great extent discordant results, and even scarcer on experience in the hands of trainees [7 -13]. The current study, therefore, was designed to test whether virtual chromoendoscopy settings available in a VCE reading system can help trainees or young gastroenterologists with no experience in VCE examination increase accuracy in correctly Background and study aims: In videocapsule endoscopy examination (VCE), subtle variations in mucosal hue or pattern such as those seen in ulcerations can be difficult to detect, depending on the experience of the reader. Our aim was to test whether virtual chromoendoscopy (VC) techniques, designed to enhance the contrast between the lesion and the normal mucosa, could improve the characterization of ulcerative mucosal lesions. Patients and methods: Fifteen trainees or young gastroenterologists with no experience in VCE were randomly assigned to evaluate 250 true ulcerative and 100 false ulcerative, difficult-to-interpret small bowel lesions, initially as white light images (WLI) and then, in a second round, with the addition of one VC setting or again as WLI, labeling them as real lesions or artifacts.
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Technological progress with videocapsule endoscopy (VCE) in the last 15 years has been impressive, making it an excellent technique for examining the small-bowel, with a diagnostic yield ranging from 55 % to 100 % [1 -3] , which helps guide proper management of patients in a significant proportion of cases [4] . However, it is not a perfect diagnostic tool and has a set of built-in limitations. The capsule cannot be steered or actively propelled, while the absence of bowel insufflation and the presence of residue or opaque fluid within the bowel lumen all interfere with the evaluation of the lesions, which are often visualized in less-than-perfect circumstances. In order to overcome these limitations, videocapsule manufacturers have concentrated on devising ways to improve the quality of the captured data. One innovation is virtual chromoendoscopy (VC), a technique based on narrowing the bandwidth of the white light image [5] , which at least theoretically facilitates characterization of subtle mucosal changes by increasing the contrast between adjacent mucosal areas. Recently, Flexible spectral Imaging Color Enhancement (FICE) technology and Blue mode, post-acquisition VC technologies have been incorporated into RAPID ® VCE reading software. Version 8 of RAPID ® Reader provides 3 channels for FICE and 1 for Blue mode [6] , allowing improved analysis of the mucosal patterns. This may represent an asset for beginner endoscopists as the enhanced contrast could improve their assessment of small-bowel mucosal lesions. However, data on virtual chromoendoscopy application in VCE are limited, yielding scanty and to a great extent discordant results, and even scarcer on experience in the hands of trainees [7 -13] . The current study, therefore, was designed to test whether virtual chromoendoscopy settings available in a VCE reading system can help trainees or young gastroenterologists with no experience in VCE examination increase accuracy in correctly Background and study aims: In videocapsule endoscopy examination (VCE), subtle variations in mucosal hue or pattern such as those seen in ulcerations can be difficult to detect, depending on the experience of the reader. Our aim was to test whether virtual chromoendoscopy (VC) techniques, designed to enhance the contrast between the lesion and the normal mucosa, could improve the characterization of ulcerative mucosal lesions. Patients and methods: Fifteen trainees or young gastroenterologists with no experience in VCE were randomly assigned to evaluate 250 true ulcerative and 100 false ulcerative, difficult-to-interpret small bowel lesions, initially as white light images (WLI) and then, in a second round, with the addition of one VC setting or again as WLI, labeling them as real lesions or artifacts. Conclusions: VC helps beginner VCE readers correctly categorize difficult-to-interpret small bowel mucosal ulcerative lesions. However, false lesions tend to be misinterpreted as true ulcerative with the same presets. Therefore care is advised in using VC especially under poor bowel preparation.
Results
categorizing difficult-to-interpret small bowel ulcerative lesions. We also assessed the contribution of each of the VC settings and tested interobserver reproducibility with and without VC.
Patients and methods
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This is a single-center, observational study based on a retrospective evaluation of 64 VCE recordings performed in a tertiary care referral center as part of a clinical prospective study performed between October 2007 and December 2013, in which mild inflammatory involvement of the small bowel mucosa was anticipated in the majority of patients [14] , either as part of their inflammatory systemic disease (they had a form of spondyloarthritis) or secondary to use of nonsteroidal anti-inflammatory drugs (NSAIDs). This report represents a different study from the one in which expert VCE readers tested the usefulness of virtual chromoendoscopy settings [15] , in which some images from the current study were used and their evaluation was done following a different protocol.
VCE procedure
A PillCam
® videocapsule (SB2 or SB2 L -the latter with 1 hour longer battery life-time, Given Imaging Co. Ltd., Yoqneam, Israel) was used in all cases following a standard examination protocol, with the PillCam administered after a patient had fasted for a minimum of 12 hours, ingested 3 L of polyethylene glycol (PEG)-based bowel preparation (Endofalk; Dr. Falk Pharma GmbH, Freiburg, Germany), and swallowed an emulsion containing simethicone (Espumisan L; Berlin-Chemie AG, Berlin, Germany) just before initiation of the VCE examination. Details of the VCE procedure are also offered elsewhere [15] .
Selection of study images
Careful review of all the VCE studies by a single, experienced reviewer (MR) using the RAPID 8™ software was performed to identify all mucosal defects that represented ulcerative lesions (defined as lesions with a pale or yellow base and a red or pink collar) [16] or artifacts that could mimic an ulcerative image. In that regard, an ulcerative image had to appear on 3 different images in the recording and to present a characteristic red halo to be considered true ulcerative. On the other hand, an artifact had to be clearly seen as an artifact (with no characteristic red halo, representing mainly white or yellow dirty luminal content) on at least 3 successive images. Any sequence of images for which there was doubt about whether the lesion was ulcerative or an artifact was abandoned and the evaluator proceeded to the next sequence of images. This process ended with selection of 2 sets of images: 250 true ulcerative (selected as the least representative visualization of an unequivocally confirmed ulcerative lesion from a succession of images, comprising small or shallow mucosal defects, erosions lacking a clear rim of erythema or located marginally in the field of view, or lesions with a poor image quality due to luminal content), and 100 false ulcerative (artifacts mimicking ulcerative lesions) (• " Fig. 1 and • " Fig. 2 ). All these images were then mixed in a random order in a single set of 350 images, along with their chromoendoscopic correspondents (FICE 1,2 and 3, and Blue Mode). This methodology also is described in detail elsewhere [15] , the only difference being that the VCE studies were reviewed again using the same review process and in this study, the initial set of images was enriched with 50 more false ulcerative images in order to increase the statistical power of the false ulcerative set. The reference standard in image interpretation was considered their designation in the selection process (i. e., true ulcerative or not).
Evaluation of the study images
In a second phase, investigators from multiple centers with experience in gastrointestinal endoscopy were invited to evaluate the selected images. Fifteen trainees or young endoscopists with good experience in digestive endoscopy (with at least 1000 gastroscopies and 100 colonoscopies performed), but no experience in VCE examination, blinded to the original findings, analyzed the images in 2 steps. In the first round they evaluated the WLI images only, while in the second round, they were randomized in clusters of 3 to evaluate the same images with the addition of only 1 chromoendoscopy setting (FICE presets 1, 2, 3 or Blue mode) or again in WLI. Each image had to be designated as either a true ulcerative lesion or as a false ulcerative one according to the investigator's opinion. The participants were not familiar with FICE and did not use it regularly in their practice, and prior to this study, they had not read a single VCE recording. Before reading the study images, they were given a short description of what an ulcerative lesion is and how it is defined (i. e. a lesion with a pale or yellow base and a red or pink collar), and were asked to translate that information from English into their native language (Romanian or Italian, respectively), in order to understanding for what they were about to search. The participants were encouraged to ask for further clarification before the images were presented to them. The 2 rounds of evaluation were performed by each of the readers at least 1 week apart.
Statistical analysis
The primary outcome measure of the study was the comparison of accuracies in correctly categorizing the lesions between the two evaluations (McNemar's stratified test). Calculation of the interobserver agreement value for each reading was also performed (Fleiss kappa; the 95 % confidence interval was calculated 
Results
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Overall image evaluation
The results were very heterogeneous. When considering all 3 evaluations for each cluster of reviewers, there was a small decrease in accuracy for the second evaluation of WLI pictures (from 53.3 to 50.5 %) (• " Table 1 ). Adding any of the chromoendoscopy settings resulted in an improvement in correct characterization of a lesion as true or false ulcerative (for FICE from 56.5 to 63.7 %, for FICE 2 from 68.1 to 70.6 %, for FICE 3 from 57.8 to 62.7 % and for Blue mode from 58.9 to 71.9 %), but statistical significance was obtained only for Blue mode (• " Table 1 and• " Fig. 3 ).
True ulcerative image evaluation
Similar results were obtained when a subgroup analysis of the TRUE ulcerative image set was performed (• " Table 2 ). Accuracy was decreased with WLI (from 43.3 to 37.1 %). For all VC settings, accuracy was increased (for FICE 1 from 44.9 to 57.8 %, for FICE 2 from 66.4 to 68.4 %, for FICE 3 from 49.7 to 55.7 % and for Blue mode from 47.7 to 70.3 %). However, the results with stratified cluster evaluations were not statistically significant.
False ulcerative image evaluation
Regarding the FALSE ulcerative image set, there was a small gain in accuracy between the 2 rounds of evaluation for readers randomized to evaluate WLI images only (from 78.3 to 84.0 %). However, there was a loss of accuracy for VC presets that were most useful for TRUE image evaluation (for FICE 1 from 85.7 to 78.3 % and for the Blue Mode from 86.7 to 76.0 %), while for the other 2, there was a small gain in accuracy (for FICE 2 from 72.3 to 76.0 % and for FICE 3 from 78.0 to 80.0 %). Again, stratified evaluation resulted in no statistically significant differences (• " Table 3 ).
Interobserver agreement
The interobserver agreement was poor for both readings (WLI and chromoendoscopy-aided), with a maximum kappa value of 0.524 for the second evaluation of the study images by the investigators in the WLI group. A drop in interobserver agreement was noticed after adding any of the chromoendoscopy settings except for Blue mode (• " Table 4) .
Discussion
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Our study shows that virtual chromoendoscopy (FICE and Blue mode technology) helps endoscopists with no experience in VCE interpretation better distinguish between true ulcerative lesions and artifacts that mimic ulcerations. The increment in accuracy was 13.0 % for Blue mode and 7.1 % for FICE 1 in a set of 350 selected difficult-to-interpret, potentially ulcerative small bowel lesions. However, statistical significance was obtained only for Blue mode. In our view, the potential of VC could be underestimated if only clearly visible mucosal lesions were to be evaluated. The true added benefit of VC over WLI should be tested in less clearly visualized pathologic changes of the mucosa because many ulcerative lesions with poor contrast are difficult to characterize precisely with conventional imaging [8] . Because almost no randomized studies in this regard have been performed to date, it seemed important to design methods to certify the degree of improvement in the detectability of such small bowel lesions, presuming that chromoendoscopy-aided VCE might help better characterize arguable erosions or ulcerations that are less clearly visualized in WLI. Herein we use a novel concept of intestinal lesion in the clinical setting of inflammatory mucosal involvement. The lesions evaluated in the current study were intentionally made more difficult to detect and interpret, a situation that may be encountered frequently in VCE examinations. They were carefully selected to be either small, located marginally or distant in the field of view, seen tangentially or visualized under poor visibility because of the luminal presence of air bubbles, food residue, and bile pigment. We chose an intuitive approach to videocapsule reading. First the examiners evaluated the recordings in WLI, then they assessed whether VCE settings helped them better perceive the characteristic appearance of an ulcerative lesion. In real-life practice, the tendency is to try all chromoendoscopy settings (FICE presets 1, 2 and 3 and Blue mode) when analyzing doubtful images, however, in our study, we wanted to investigate the contribution of each of the VC settings. Our results indicate that Blue mode and possibly FICE 1 may be the preferred settings for beginner reviewers because they significantly improve characterization of difficult-to -interpret ulcerative lesions. Up to now, VCE's ability to visualize ulcerative intestinal lesions has been useful for studying the adverse effects of NSAIDs on the small bowel mucosa [17] and for evaluation of patients with known or suspected small bowel Crohn's disease [2 -4] . Recently however, focus has shifted to performance of VC-aided VCE in identification of ulcerative lesions of the small bowel. In the first published case report on this issue [18] , FICE imaging was considered to be superior to WLI evaluation of the surface mucosal characteristics in a patient with mucosal inflammation and ulceration compatible with active small bowel Crohn's disease. Contrary to this report, 2 small studies (with a maximum of 44 ulcerative lesions evaluated) did not find statistically significant differences between conventional WLI-VCE and VCE-FICE [12, 19] in detection of erosions or ulcerations, although in one of them, the addition of FICE improved detection of ulcerative lesions (from 32 up to 44 lesions, 27.3 % improvement) [12] . Other investigators reported improved quality of images of erosions/ulcerations when FICE was used (up to 53.3 % image improvement for the evaluation of 47 erosions and ulcerations) [10, 20] . Furthermore, experience with Blue mode application in SB-VCE reading is even more limited [11, 21] ; it was found to offer image improvement in 93 % of 60 ulcers and aftae in only one study involving VCE recordings from 52 patients [8] . The scarcity and contradictory character of the results reported so far, compounded with the varying methodologies and small sample sizes, bring into question the true impact of this novel adjunct technology in the practice of VCE examination. Moreover, because VCE trainees are predisposed to miss small erosions/ulcerations [22, 23] , the main aim of our study was to evaluate the diagnostic accuracy of VC in VCE and to determine if it provides additional value over conventional examination in the hands of beginner examiners. To our knowledge, the only published studies to date involving trainees show that the detectability of erosions/ulcerations obscured by the opaque luminal content was improved (by 30 %) using VCE-FICE [23] , and that sensitivity and specificity was insignificantly increased when adding FICE for evaluation of lesions with high bleeding potential [19] . Both studies are affected by the inclusion of relatively small sets of images (82 and 27 ulcerative lesions, respectively) and the involvement of very few examiners, which makes ours the largest study to date on this issue. Besides randomization of the VC evaluations (including a group evaluating in the second round the same WLI images without the aid of VC), the merit of our methodology exists also in the fact that all of the selected pathologic images, despite being difficult to interpret, were still suggestive of an ulcerative lesion in WLI (• " Fig. 1 ), and that they had an artifact comparison. Few clinical studies to date have examined which chromoendoscopy settings perform better in specific circumstances. Pohl et al. [18] and Gupta et al. [19] assumed in their works that FICE preset 1 achieved the preferred appearance, while Duque et al. [10] felt that FICE preset 2 was most useful to better increase the contrast between the pathologic areas and the background mucosa. However, this approach seems biased as the groups used only these preferred settings in their studies and did not adequately compare all VC presets. Three independent studies [8, 20, 23] , including 1 involving VCE trainees, and our previous study involving experts [15] concluded that VCE readers significantly improve their detectability of erosions/ulcerations using FICE presets 1 and 2, but not preset 3. Still, in another study performed by Krystallis et al. [11] involving 60 ulcers and aftae (the only one in which WLI, FICE, and Blue filter mode all were evaluated), Blue filter mode provided image improvement (compared to WLI) in 93 %, with improvement being observed in only 36.6 %, 3 % and 3 % for FICE presets 1, 2 and 3, respectively. In fact, at present there are no recommendations regarding which setting(s) to use when examining a potential mucosal lesion so as to better discern or characterize it, and every reader is choosing settings as a matter of personal preference. We proved in our studies that VC is useful for better characterizing difficultto-interpret ulcerative lesions. Therefore, our proposed strategy for less experienced VCE readers would be to first evaluate the recordings in WLI, and then to use VC settings Blue mode and FICE 1 to better define or characterize an arguable ulcerative lesion. However, readers should be advised that the same presets misguide classification of artifacts as false ulcerative lesions. Therefore, care is needed in the context of dirty luminal content. Like us, other investigators have found that in poor bowel visibility conditions, the frequency of false-positive ulcerative findings was increased with VCE-FICE, as compared to conventional WLI [19, 23] . This proves once more that there is a major limitation when using VC without first reviewing the VCE recording with WLI, because electronic processing denaturizes the true colors of the image. A secondary aim of our study was to determine if outcomes of interpretation of VCE-FICE images by inexperienced examiners were reproducible. In consequence, a surprising finding is that the measure of agreement, though poor, decreases after adding chromoendoscopy. This would seem to imply that lesions' characterization becomes less reproducible with the addition of the new technology, because alteration of image characteristics results in its more unpredictable interpretation. The potential limitations of our study are that the investigators reviewed static images and we did not know the percentage of real and false ulcerative images encountered in VCE studies (which probably varies from indication to indication and patient to patient). Moreover, despite use of a very rigorous methodology to ensure what every image represented, the selection process was subjective, as was classification of every separate image as "difficult to interpret" and thus included in the study database. Last, whether the observed differences in accuracy translate into a clinical benefit for the patients remains unknown, particularly considering that the producers are now offering a better version of PillCam (SB3) with adaptive frame rate, which will create more images for evaluation, and thus provide improved image quality.
In conclusion, virtual chromoendoscopy (especially Blue filter mode) helps beginner VCE readers to correctly categorize small bowel mucosal ulcerative lesions. However, false lesions also tend to be misinterpreted as true ulcerative, especially with the above preset. Therefore care must be taken in using VCE especially when bowel preparation is poor. Moreover, this proof-of-concept study shows that there is potential for improvement in this application in small bowel endoscopy, but a better understanding of and refinements in VC technology are definitely required in order to further improve characterization of small bowel lesions. 
